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INTRODUCTION 


The Massachusetts Department of 
Transportation (MassDOT) District 

5 is leading a Complete Streets 
Corridor Study on Route 28 in Cape 
Cod. The purpose of the study is 

to provide short- and long-term 
recommendations to improve bicycle 
and pedestrian conditions along 50 
miles of Route 28 starting at Braeside 
Road in Falmouth just south of the 
divided highway and terminating 
easterly at the Route 6A roundabout 
in Orleans on the east end of Cape 
Cod, as shown in Figure 1. The 

study limits exclude the downtown 
segment of Route 28 (Main Street) 

in Falmouth between North Main 
Street and Davis Straits, which is 

not under MassDOT jurisdiction. The 
study provides recommendations 

to create a bicycle and pedestrian 
network along the non-limited access 
sections of the corridor, where 
feasible. The recommendations will 
provide a comprehensive guide 

for future corridor development. 


The primary stakeholders of 

this study include the Cape Cod 
Commission (CCC) and the eight 
towns along the corridor: 


Falmouth, 
Mashpee, 
Barnstable, 
Yarmouth, 
Dennis, 
Harwich, 


Chatham, and 


i a a a a 


Orleans 
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The Cape Cod Commission serves 
as the regional land use planning, 
economic development, and 
regulatory agency for Barnstable 
County. Throughout the study, the 
CCC provided input at three key 
milestones and the Towns were 
engaged through the CCC Joint 
Transportation Committee. 


Any 

The study provides 
recommendations to 
create a bicycle and 
pedestrian network 
along the non-limited 
access sections of 
the corridor, where 
feasible. 


fownship Boundary 


study Corridor 
HB Locally Maintained 


i) 25 5 10 Miles 
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PREVIOUS PLANNING EFFORTS 


The study team reviewed the following studies with special consideration 
for previous analysis and designs surrounding Route 28: 


/ The Complete Streets/Living Streets: A Design Manual for Cape Cod, 
/ 2020 Cape Cod Regional Transportation Plan, and 


/ South Orleans to Orleans Trail Study. 


Following is a brief summary of each document, focusing on its relevance 
to this study. 


Complete Streets/Living Streets: A 
Design Manual for Cape Cod 


Overview: Completed in October 2012, this design manual prepared by the 
Cape Cod Commission “aims to explain and illustrate the concepts of the 
Complete Streets and Living Streets and encourages people to consider 
these design options when planning roadway improvement projects.” 

The manual emphasizes that many towns have significant differences in 
population from winter to summer which creates unique challenges and 
opportunities for communities. Principles used for designing the plan 
include safety, connectivity, human health, livability, context, equity, 
aesthetics, economic development, and environment. It highlights special 
issues for roadways unique to Cape Cod, including Historic Villages, 
Commercial Corridors, Tourist Destinations, Scenic and Coastal Roadways, 
Environmental Sensitivity, Seasonal Fluctuations, and Regional Roadways. 


Relevance to Study: The manual includes a complete streets toolbox 
with various treatments. The Route 28 Corridor Study considered these 
design treatments as we compiled recommendations for the corridor. 


Suggestions for road segments, intersections, pedestrian facilities, and bicycle 
facilities are listed in Table 1. An excerpt from the toolkit is shown in Figure 2. 
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Pictures from Complete Streets/Living Streets: A Design Manual for Cape Cod 


Table 1. Complete Streets/Living Streets Toolbox 


Road Segments 


Road Narrowing/Road Diet/Lane Diet 


Intersections 


Tightened corner radii 


Roadway surface treatments 


Roundabouts 


Pavement markings 


Signal timing with pedestrian phases 


Curb extensions or bump-outs 


Chicanes or lateral shifts 


Changes in traffic patterns 


Transit 


Transit routes 


On-street parking 


Bus stops/bus shelters 


Medians 


Bus pull-outs 


Traffic calming 


Pedestrian crossings at transit stops 


Access management 


Pedestrian Facilities 


Pedestrian walkways and buffers 


Bicycle connections to transit 


Bicycle Facilities 


Shared roadways/bicycle routes 


Crosswalks 


Paved bicycle shoulders 


ADA compliant curb ramps 


Pavement markings for cyclist 


Universal pedestrian access 


Sharrows 


Cross-lot connections 


Shared use paths alongside roadways 


Sidewalk surface treatments 


Share use paths on dedicated rights-of-way 


Pedestrian refuge islands 


Crosswalk lighting 
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Pavement Markings 

Roadway pavement markings can be used to improve street safety and 
functionality. Markings including directional arrows, advanced yield 
triangles, on-street parking spaces, bicycle lanes, pedestrian crossing 
warnings, and school zone markings can all draw attention to other us- 
ers and improve awareness. These markings are particularly important 
at mid-block pedestrian crossings. 


‘Arrows to indicate raised pedestrian crossing. 


Figure 2. Example Toolkit from Complete Streets/Living Streets: A Design Manual for Cape Cod 


Curb Extensions or Bump-Outs 

Bump-outs extend the curb into the adjacent roadway or shoulder at 
mid-block or corner crossings, narrowing the roadway both visually and 
physically. They slow vehicles, shorten pedestrian crossings, and make 
pedestrians more visible. They also prevent illegal parking in crossing 
zones. 


Bump outs on Route 6A in Barnstable Village 


2020 Cape Cod The congestion management plan identified the following key challenges: 


Route 6 and Route 28 bottleneck intersections; 


Regional Transportation Plan 


Overview: The Cape Cod Commission released a Draft 2020 Regional Cape Cod Canal Area bottleneck locations; 


i 
/ 
Transportation Plan in June of 2019. The plan sets the vision through 2040 7 Route 28 high crash locations; 
for the region's transportation system and the priorities for federal and 
state spending. The document contains a technical appendix discussing / 
bicycle and pedestrian existing conditions, road safety data, safety and j 


planning studies, and planning efforts related to bicycles and pedestrians. 


pedestrian gaps on Route 28; 
bicycle multi-use path connectivity; and 
/ insufficient transit service and routes. 


The plan has three main goals: Figure 3. Trail Examples from 2020 Regional Transportation 
improve safety, increase multi-modal Plan Bicycle & Pedestrian Appendix F 


accommodations, and reduce congestion 


Relevance to Study: Walking and bicycling are common methods of 
transportation and recreation, however the study notes that many areas in 
the Cape are hazardous and uncomfortable to bike or walk. “Route 6A and 
Route 28 are popular with bicyclists for their directness and convenience, 
but they lack bicycle accommodations and are hazardous for bicycling 

due to high traffic volumes and speeds and limited space.” Around 4.5 
percent of workers in the area walk or bike to work, “Vision 88” from Woods 
Hole to Provincetown envisions a continuous 88-mile shared use path 
combining 51.8 existing miles with 36.2 potential miles. The plan goes into 
detail about each of the trails and paths that are currently in place for the 
region, shown in Figure 3. The plan specifically elaborates on alternative 
route recommendations to limit travel on Route 28 for bicyclists. 


Cape Cod Rail Trail Crossing at Main Cape Cod Rail Trail at Brackett Road, 
Street, Harwich Port Eastham 


Another technical appendix discusses the congestion management 
plan. Factors that are unique to Cape Cod that contribute to congestion 
include the geometry of the region as it is surrounded by water, limited 
access to the region by two bridges, limited transit connecting Cape 
Cod to other urban regions, and the influx of tourist and residents 

in the summer. The plan has three main goals: improve safety, 

increase multimodal accommodations, and reduce congestion. 


Harwich-Chatham Rail Trail Extension at End of the Harwich-Chatham Rail Trail 
the Harwich-Chatham Town Line Extension at Crowell Rd., Chatham 
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Program implementation strategies 
specifically identified for Route 28 
include geometric improvements, 
bicycle & pedestrian improvements, 
signal timing optimization, increased 
transit service, transit technology, 
and access management 


South Orleans to 
Orleans Trail Study 


Overview: The goal of the 2009 
study, conducted by the Bike 

and Walkways Committee, is to 
“develop a bicycle and pedestrian 
facility that would accommodate 

a variety of users and skill levels 
for transportation and recreational 
purposes along a north/south 
corridor that parallels Route 28 
(South Orleans Road) but not 
necessarily within the Route 28 
layout. The project strived to improve 
safety and mobility, encourage 
alternative means of travel, provide 
recreational resources, and provide 
connections to existing facilities. 


Relevance to the Study: Potential 
resolutions include constructing 

a sidewalk or a shared use path 
along Route 28 and/or widening 
Route 28 to include a bicycle lane. 
Route 28 was not recommended 
to be designated as a bike route. 


SOUTH ORLEANS TO ORLE 
TRAIL STUDY 


BIKE AND WALKWAYS 


OF ORLEANS, M. + atten 
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EXISTING CONDITIONS 


The project team mapped current 
existing conditions to better 
understand how travelers are moving 
through the corridor. The goal of the 
project is to identify opportunities 

to improve walking and bicycling 
along the corridor. The maps in 

this report show the entire Route 

28 corridor. Appendix A contains 
more detailed maps for each town 


Data Collection 
The Existing Conditions analysis 
evaluates a variety of available data 
to better understand opportunities 
to improve sidewalk and bicycle 
infrastructure for Route 28. As 
part of this effort, the project team 
conducted a corridor-wide data 
collection and mapping effort with 
a focus on capturing pertinent 
existing conditions across a variety 
of discipline areas including 

safety, presence of multimodal 
facilities, and existing layout. 


Data collection and mapping 
efforts focused on existing roadway 
characteristics. The project team 
collected and organized data across 
the eight towns on the Route 28 
Corridor. The study team used the 
data to understand the existing 
pedestrian and bicycle facilities 

on Route 28 and opportunities 

to add or upgrade facilities. 


The study team mapped current 
roadway conditions provided by 
MassDOT online open data. Appendix 
B contains the data dictionary for 
the accompanying GIS database. 

The study team verified and 
supplemented the data through a 
desktop audit (using Google Earth 
Pro) and fieldwork. They recorded 
various attributes including bike lane, 
sidewalk, shoulder, median, median 
type, road-sidewalk buffer, buffer 
width, and number of travel lanes. 
The project team conducted a field 
visit in April 2019 to verify the data 
collected from the desktop review 
and collect information for sections 
that had been recently constructed. 


Roadway 
Characteristics 


The majority of the corridor consists 
of a two lane roadway, as shown in 
Figure 4. Small sections of Route 28 
have three or four lanes, primarily 
near major intersections. The study 
team reviewed existing right-of- 
way using the MassDOT online GIS 
database for State Highway Layouts 
(SHLO). Appendix C contains the 
layout sheets for the corridor. The 
Route 28 layout varies between 33 
and 100 feet, as shown in Figure 

5. The majority of the corridor has 
approximately 50 feet of right- 
of-way. However, encroachments 
are common throughout the 
corridor, so the space is not 

readily available in certain areas. 
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Figure 4. Number of Travel Lanes 
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Figure 5. Existing Right of Way 


10 Miles 
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Bicycle and 
Pedestrian 
Facilities 


The surrounding areas have 
several trails and shared use 
paths that are existing or planned 
for future completion. Figure 6 
displays pictures from the field 
review and Figure 7 shows the 
Cape Cod Commission's 88-mile 
“Shared Use Path Vision Map” 


As shown in Figure 8, the majority 
of the corridor does not have a 
dedicated bicycle facility. When 
present, shoulders of the roadway 
are not typically marked as a bike 
lane. These shoulders are often 
greater than five feet, making them 
potential bicycle facilities. The 
cortidor has one short section of 
marked bike lane in Falmouth. 


Figure 6. Pictures of Bicycle Facilities throughout Route 28 


Figure 7. Shared Use Path Vision Map from the Cape Cod Commission 


Shared Use Path 
Vision Map 


fy 
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Figure 8. Shoulders and Bike Lanes 
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Figure 9. Examples of Pedestrian Faci 


ies throughout Route 28 there are several pedestrian 


challenges that are seen throughout 
the corridor including narrow 
deteriorating asphalt, poor lighting 
in spot locations, utility poles in 

the middle of the sidewalk, limited 
crossing opportunities, sidewalk 

on only one side of the roadway in 
many places, and several sections 
missing sidewalks and/or ADA 
compliant curb ramps throughout 
the corridor, as shown from the field 
visit in Figure 9. Where present, 

the sidewalks throughout the 
corridor are typically four to five 
feet wide, shown in Figure 10. 


Cape Cod Route 28 Corridor Study 16 


Figure 10. Existing Sidewalks 
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Safety 

The study team reviewed crash data from the Highway Division of 
MassDOT for Falmouth, Mashpee, Barnstable, Yarmouth, Dennis, 
Harwich, Orleans, and Chatham. A total of 5,061 crashes occurred 
within 250 feet of the study corridor from the years 2012 to 2016. 
This section describes the results of the safety analysis. 


Total Crashes 

Figure 12 identifies areas with the highest concentration of crashes 
along the corridor. Concentrations occur east of downtown 
Falmouth and near the rotaries in Mashpee and Barnstable. 


Type of Collision 

The most common collision types were rear-end crashes (43%) 
and angle crashes (28%) (see Figure 11), especially on the western 
portion of the study area. Figure 13 displays where the 198 crashes 
occurred between an automobile and a pedestrian or bicycle, 
accounting for four-percent of the crashes. These non-motorist 
crashes led to five fatalities and 155 non-fatal injuries. 
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Figure 11. Type of Collision 
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Figure 12. Crashes per Mile 
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Figure 13. Non-Motorist Crashes 
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Light Conditions 


for Crashes 

Twenty-two percent (22%) of the 
reported crashes occurred in dim 

to dark conditions (Figure 14). The 
majority of these crashes occurred in 
Falmouth, Mashpee, and Barnstable. 
During the April 2019 field review, 
the study team observed much of 
the corridor had been upgraded 

to LED lighting. Because the most 
recent crash data are from 2016, 
this safety improvement may 

not be reflected in the data. 


Crash Severity 
Figure 15 shows the severity of 

the crashes. Thirteen (13) fatalities 
occurred along the corridor. 
Barnstable and Yarmouth had 

eight fatal crashes. Non-motorists 
accounted for five of the 13 fatalities. 
Sixty-nine (69) percent of the 
crashes resulted in property damage 
only while 28-percent of crashes 
resulted in a non-fatal i 


Figure 14. Lighting Conditions for Crashes 
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Figure 15. Crash Severity 
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Land Use 


MassDOT executed a geospatial 
analysis that identifies the 
Potential for Everyday Walking 
and Biking for the Massachusetts 
Bicycle Transportation Plan 

(the Bike Plan), The Potential 

for Everyday Walking and 

Biking estimates demand for 
nonmotorized transportation 

for going to work, visiting family 
and friends, shopping, dining, 

or any other utility trip for 
non-recreational purposes. 


MassDOT created a weighted 
formula to result in a single score: 


Potential for Everyday Walking and 
Biking = (0.7 » Potential Demand 

+ 0.2 + Transit Access + 0.1 * 
Crashes) * (1 + Social Equity). 


The results give a score from 
1-9, with one being low potential 
and nine having the highest 
potential. Only three percent of 
the land area for Massachusetts 
had a potential score above six. 


Potential for 
Everyday Walk Score 


Figure 16 shows the results of the 
everyday walk score calculation. 
The areas along the Route 28 
corridor with high propensity 

for walking include areas near 
downtown Falmouth, near the 
Barnstable rotary, downtown 
Yarmouth, and downtown Dennis 


Potential for 
Everyday Bike Score 


Figure 17 shows the results of the 
everyday bike score calculation. 
There are a few areas with high 
propensity for biking along 

the corridor including a large 
portion of Falmouth, near the 
Barnstable rotary, and in Dennis 


Figure 16. Potential for Everyday Walking 
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Transit 


Currently, there are two fixed 
routes with hourly service that run 
along Route 28 within the study 
area, The Sealine route runs from 
Hyannis to Falmouth and the H20 
Line runs from Hyannis to Orleans, 
as shown in Figure 19. The highest 
ridership is during the summer 
months (June through August), as 
shown in Figure 18, The areas along 
Route 28 with the highest boardings 
include just east of downtown 
Falmouth, the area around the 
Barnstable Rotary, and Dennis Port. 


“Wequert 
Bay Novara 
Estrin 
Reseorer 


Figure 18. CCRTA Ridership - SeaLine & H20 
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Figure 19. Corridorwide Transit 
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STREET TYPES AND 
RECOMMENDED FACILITIES 


After reviewing a variety of 
available data to better understand 
opportunities to improve sidewalk 
and bicycle infrastructure for Route 
28, the study team classified the 
50-mile corridor into four street 
types. The street types are based 
on types and intensity of land 

uses and presence of surrounding 
roadway network. The four street 
types are Town Center, Town Mix, 
Suburban Commercial Center, 

and Rural Residential. The study 
team made recommendations for 
desired bicycle and pedestrian 
facilities for each street type, 
taking into the account the type 
and intensity of users expected. 


Street Types 

The following section describes 

the characteristics associated with 
each street type and the features 
used to categorize the roadway 
segments. Figure 20 displays where 
along the corridor each of the 
street types have been identified. 
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Town Center 


Town Centers are the densest areas of the corridor and often coincide with 
downtown or main street areas. Only three (3) areas—one in Harwich and 
two in Dennis—are given this designation along the route. These are places 
where we'd expect the highest concentration of walking and biking. 


CHARACTERISTICS 


Buildings at the back of sidewalk 


Most buildings front the street 


Parking is in the back or on side streets 


Short blocks 


Predominately retail and 
commercial uses 


Small parcel sizes Picture from Harwich 


Suburban Commercial Center 


Suburban Commercial Center includes areas that have large parking 
lots, large buildings with long blocks between crossings, and residential 
neighborhood access. These areas often prioritize driving and the high traffic 
volumes and speeds present challenges for walking and biking. Pedestrians 
and bicyclists will still be present in these areas, likely for more utilitarian trips 


CHARACTERISTICS 


Large parking lots 


Large building setbacks 


Mostly commercial uses with 
neighborhood access points 


Long blocks 


Picture from Yarmouth Crossing 


Town Mix 


Town Mix is the most common type along the corridor. It describes 
a mix of residential and commercial uses. While Town Mix areas 
tend to still be very walkable, buildings are set back slightly 

from the road and more parking is evident from the street. 


CHARACTERISTICS 


Mix of commercial and residential uses 


Small parking lots adjacent to buildings, 
some in front for single use parcels 


Shallow building setbacks 


Some buildings front the street 


Small to medium blocks 


Small parcel sizes Picture from East West Dennis 


Rural Residential 


Rural Residential describes areas that often contain open space 
and disconnected neighborhoods. Residential development is 
often separated from the road with thick landscaping, Many 
places have limited or no bicycle and pedestrian infrastructure 
and pedestrians and bicyclists are not as common 


CHARACTERISTICS 


Mostly single family residential, 
with some commercial 


Residences often separated by 
landscaping, some homes with 
direct access to Route 28 


Limited roadway network, most 
neighborhoods are disconnected 


Picture from Falmouth 
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Figure 20. Street Types 
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Expected 
User Types 


The decision to walk or bike on 
Route 28 often depends on how 
comfortable someone will feel making 
the trip. The first and most basic 
condition that must be met for people 
to consider walking or biking is they 
must feel safe doing so for the entire 
trip. For pedestrians, this means a 
dedicated sidewalk with compliant 
ramps. For bicyclists, the study team 
considered the Level of Traffic Stress 
(LTS). LTS provides a high-level 

look at how bicyclists are likely to 
experience each street type along 
Route 28. This can be used to show a 
project's usefulness in (1) connecting 
important destinations and places 
that are already bike-suitable to one 
another and (2) extending bike travel 
as a viable option along more of 
Route 28. It can also be used to select 
which facility type is appropriate 

in each location depending on 

who it is purported to serve. 


A data-driven process 
to plan a bicycle facility 
system based on comfort 


The LTS analysis uses a “weakest 
link" method of assigning stress level; 
this reflects the reality that people 
on bikes experience various types of 
traffic stress (speed of traffic, volume 
of traffic, degree of separation from 
traffic, incursions into their space) 
simultaneously. For example, if even 
one of these factors is excessive, the 
whole street segment is a high stress 
experience for most potential riders 


LTS scores range from LTS 1, which is 
comfortable for all ages and abilities, 
to LTS 4, which is uncomfortable 

for even experienced bicyclists. 


LTS for Facility 
Selection 


There are four commonly cited 
types of cyclists, Strong and 
Fearless, Enthused and Confident, 
Interested, But Concerned, and 
No Way No How (Figure 21). 


This study generally considered the 
Interested but Concerned cyclist, 
the less-experienced and risk-averse 
bicyclists. These bicyclists need 

to be connected via bike facilities/ 
streets that are LTS 1 or 2 for the 
entirety of their trip. In general 
terms, this user group prefers: 


/ Physically separated facilities 
such as protected bike lanes and 
trails 


/ Wide, preferably-buffered bike 
lanes on medium to low speed 
and low volume streets, adjacent 
to the curb (not a parking lane) 


/ Bike boulevard treatments on 
low-stress neighborhood streets 


MassDOT should prioritize these 
types of facilities in places where 
recreational and less experienced 
users are expected. In locations 
along Route 28 where pedestrians 
and bicycles are not expected, these 
trips should still be accommodated 
but a higher level of traffic 

stress may be acceptable. 


Figure 21. Cyclist Types 


Bicyclists in the “Strong and Fearless" group 
are comfortable riding on busy roads with 
little physical separation from motorist 
through travel lanes. These riders would be 
comfortable riding on Route 28 today. 


STRONG ori FEARLESS 


“Enthused and Confident” cyclists are generally 
recreational and utilitarian riders who will ride 
on busy streets if there are facilities provided, 
but may also deviate from the most direct route 
to ride on low-traffic or shared use paths. 


ENTHUSED «CONFIDENT 


Most of the population is categorized as 
“Interested but Concerned”. This group 
includes a wide range of people of all 
ages who are interested in cycling more 
for transportation, but may only ride on 
shared use paths, low traffic local streets, 
or protected on-street facilities. 


INTERESTED 


CONCERNED 


“No way no how” cyclists will not choose 
to bicycle for transportation or recreation, 
regardless of provided infrastructure. 


NO way NO 


‘Furth, Peter G., Maaza C. Mekuria, and Hilary Nixon. “Network Connectivity for 
Low-Stress Bicycling.” Mineta Transportation Institute, May 2012. https://transweb. 
sisu.edu/sites/default/files/1005-low-stress-bicycling-network-connectivity.pdf. 
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Recommended Facilities 


The study team identified recommendations for 
bicycle and pedestrian facilities in each street type, 
taking into consideration the types and intensity of 
users and physical characteristics of each street type. 
The study team created recommended cross sections 
for each of the four street types. They presented the 
recommendations to the CCC at their December 2019 
Joint Transportation Committee meeting to identify 
and incorporate feedback from the CCC and Towns. 


The proposed concepts are based on a SHLO of 
fifty (50) feet, which is representative of most of the 
corridor. Understanding that not all segments have 
the same SHLO, design ranges for each roadway 
element are also provided. Since each segment 
along the corridor varies in right-of-way and current 
facilities, these cross-section ranges allow for 
recommendations to differ depending on the user 
needs and challenges of each street segment. While 
each street type has unique characteristics, the main 
priority throughout the corridor is that all areas 
should include facilities to allow for pedestrian use, 
equating to sidewalks on at least one side in all areas 


The following sections summarize the desired 
roadways features, recommended cross sections, 
and design ranges for each roadway feature. 


The main priority 
Z)) throughout the 

corridor is that all 

areas should include 


a safe place for 
people to walk 


Figure 22. Town Center (Before) 
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Figure 23. Town Center Proposed Concept 
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Figure 24. Town Center Cross Section Ranges 
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Figure 25. Town Mix (Before) 
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Figure 26. Town Mix Proposed Concept with Onstreet Bike Lane 
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Figure 27. Town Mix Proposed Concept 
with Shared Use Path 
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Figure 28. Town Mix Cross Section Ranges with Onstreet Bike Lanes 
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Figure 29. Town Mix Cross Section Ranges with Shared Use Path 
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Figure 30. Suburban Commercial Center (Before) 
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Figure 31. Suburban Commercial Center Concept with 
Shared Use Path 
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Figure 32. Suburban Commerical Center Concept with Onstreet 
Bike Lane 
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Figure 33. Suburban Commercial Center Cross Section Ranges with Shared Use Path 
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Figure 34. Suburban Commercial Center Cross Section Ranges with Onstreet Bike Lanes 
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Figure 35. 


Rural Residential 40’ (Before) 
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Figure 36. Rural Residential Concept with Shared Use Path 
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Figure 37. Rural Residential Cross Section Ranges 
with Shared Use Path 
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Figure 38. Rural Residential 50’ (Before} 
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Figure 39. Rural Residential Concept with Shared Use 
Path and Bike Lanes 
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Figure 40. Rural Residential Cross Section Ranges with Shared 
Use Path and Bike Lanes 
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Stormwater 


Some of the cross sections presented in the previous section would 
add impervious surface to areas with open drainage systems. This 

is particularly true in the rural residential street types. The following 
sections give insight to some common and highly effective green 
infrastructure design alternatives to mitigate the effects of additional 
impervious surface areas, as well as, guidance and considerations 
for their design and implementation. It is not an exhaustive list of 
alternatives but can be used as the foundation for establishing 

a best practice toolkit for planning future improvements along 

Route 28 in Cape Cod. Sharing of maintenance responsibilities 
should be discussed when recommending these facilities. 


Sources: Kittelson & Associates, Inc. 


What 


Green Infrastructure? 


Green Infrastructure (Gl) incorporates low 
impact development (LID) techniques, which 
leverage the ecological benefits of nature and 
proactively manage runoff closer to its source. 
GI improvements provide many environmental, 
economic, and social benefits for all users of the 
road. Some of these important benefits include: 


/ reducing the total volume of stormwater 
runoff and limiting peak discharge rates; 


/ naturally mitigating impacts from 
changes in land use; 


/ filtering sediment and other pollutants; 
/ buffering traffic, wind, and noise; 


/ providing shade and mitigating 
urban heat island effect; 


/ providing habitat for birds, pollinators, 
and other favorable wildlife; 


/ carbon sequestration and improving air quality; 


/ creating public focal points that establish 
good community culture and create 
connectivity amongst neighborhoods; 


/ reducing erosion by stabilizing 
roadside slopes with vegetation; 


/ and improving the resiliency of vulnerable 
transportation infrastructure by making 
corridors more adaptive to unpredictable, 
inconsistent and extreme/or conditions. 


By decentralizing drainage systems and providing 
more opportunities for onsite retention, GI 
manages stormwater without adversely impacting 
local hydrologic conditions. GI techniques will 

be considered on a project by project basis 

to determine their benefit and feasibility. 


Street Trees Figure 41. Examples of Street Trees 


Street trees represent the “first line of defense” for stormwater management. 
Their canopies productively intercept rainfall prior to it ever reaching the 
surface and becoming runoff. The canopy provides critical shade during hot 
summer months, relieving the built environment from the impacts of urban 
heat island effect. It also helps reduce glare for motorists and preserves 

the conditions of the road, reducing the need for pavement maintenance. 
Street trees are excellent at buffering high winds, noise, and traffic as well as, 
filtering impurities from the air. They can also be uniquely beneficial for roads 
with flush shoulder because they reinforce the edge of travel for the motorist. 
The extent of these benefits will vary based on the size and type of tree. 


Considerations for the design and implementation of street trees include: 


/ Adequate space from impervious surfaces for root zone uptake (typically 
at least three to five feet from the outer diameter of the trunk). 


/ Consideration for overhead power lines or utilities. In these conditions, 
consider implementing trees on the opposite side of the road, if possible, _ “Fe 
or using understory species with lower canopy heights. Source: Dan Burden 


/ Native species that are resilient and can handle a range of conditions. 
For reduced maintenance demands, avoid fruit-bearing or deciduous 
species. Fruits, nuts, etc. fallen from trees can be difficult for bicyclists to 
maneuver. 


/ Ensure roadside safety criteria (clear zone, sight distance, lateral offset) 
is met and pedestrians and bicyclists are not obscured waiting at 
crosswalks. 


/ Providing habitat for bats and other avian species can help control pest 
populations. 


Source: Kittelson & Associates, Inc. 
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Figure 42. Examples of a Rain Garden/Bioretention Area 


Bioretention areas, or bioretention ‘cells’, are shallow cultivated depressions 
that accept and retain runoff and have several layers of media that facilitate 
infiltration. These retention areas typically have sandy soils and a top 

layer of hardwood mulch. They are typically planted with a range of native 
flowers and plant species. They are normally anywhere from six to eight- 
inches deep and can range in widths depending on available right-of-way. 


While the term ‘bioretention’ is often used inter-changeably with 
the term ‘rain garden’, there are minor nuances that distinguish one 
from the other. Bioretention areas have formal designs that follow 
stricter criteria and typically have the capacity to manage larger 
runoff volumes and flow rates than rain gardens, which are more 
appropriate in a local neighborhood or urban context. Both provide 
important habitat for butterflies, pollinators, and other insects 


Considerations for the successful design and implementation 
of bioretention areas / rain gardens include: 


/ Native plant species that thrive in the local environment under normal 
circumstances and are adaptive to a range of field conditions. Choose 
plants that will not require the use of excessive fertilizers or other 
chemicals 


/ Plant species that complement each other encourage biodiversity and will 
not try to out-compete one another for resources 


/ Limited treatment depths (one foot or less) to prevent stagnant 
conditions and to ensure water levels drain within a day or so. Standing 
water for longer than 72 hours can breed mosquitoes. 


/ Vegetation oriented to discourage foot traffic in high-density and/or 
urban environments. This will cause soils to compact over time, reducing 
their infiltration rates. 


/ Appropriate clearance (typically at least two feet) from the groundwater 
table. 


/ Stormwater drains designed or oriented to avoid trapping bicycle wheels 
in the drain grates. 


/ Slightly acidic soils, which are more adsorptive, provide good access to 
nutrients, and are favorable for establishing vegetation and promoting 
healthy microbial activity. 


Bioswales 


Bioswales capture and convey runoff, filtering it through a linear 
channel planted with dense vegetation. Mild and shallow flow 
depths slow water down, giving it extra time to be treated. These 
systems are implemented in locations where conveyance is desirable 
in lieu of retention. They can be staged upstream of other Gl, 

such as a bioretention area, to form a LID “treatment train”, 


Considerations for the successful design and implementation of bioswales 
include: 


/ Avoiding longitudinal slopes that are too steep to prevent bypassing 
treatment and/or erosion. 


/ Native grasses, wildflowers, and other varieties of groundcover which 
provide the greatest amount cross-sectional treatment area for 
conveyance and are durable to high flow rates. 


/ Species that are relatively low-maintenance and reduce regular mowing 
schedules. 


/ Periodic removal of dead vegetation 


Figure 43. Examples of Bioswales 
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Source: Aaron Volkening 


Landscaped medians are very common and are appropriate in a variety 
of contexts, particularly in suburban commercial centers. They typically 
have gently graded slopes with short grass or ground cover and 

trees, depending on roadway context. They are effective at mitigating 
operating speeds and are beneficial to improving corridor safety. 


Considerations for the successful design and implementation of landscaped 
medians include: 


/ Adherence to roadside safety criteria (clear zone, sight distance, lateral 
offset). 


Signs 


Signs and pavement markings reinforce street design and can support complete and livable streets for all users. This section focuses on the types of signs 


that regulate, warn, direct, and improve user experience for people walking and biking. This information is especially useful in areas alo} 


ng Route 28 that are 


constrained and may not be able to fit a dedicated bicycle and pedestrian facilities. It is important to inform drivers that pedestrians and bicyclists should still 


be expected 


Share the Road . NS 
Signs indicating the shared nature of the roadway space, such as 

MUTCD R4-11, are appropriate in Town Centers and Rural Residential MAY USE 
zones where dedicated bicycle facilities may not be prioritized. 


FULL LANE 


School Crossings 
Near schools, signs such as S1-1 are appropriate at crossings 
to alert people driving of high pedestrian volumes. 


Bicycle and Pedestrian Presence 

Warning signs such as MUTCD W11-1, W11-2, and W11-15 alert people 
driving to locations where unexpected entries into the roadway by 
bicyclists and pedestrians might occur. These signs can be used in all 
street types where a high number of pedestrians and bicyclists are 
expected and are especially useful in Rural Residential areas where 
there are no bicycle and pedestrian facilities but activity is expected. 


Regulatory Signs 

Regulatory signs such as MUTCD R3-17, R9-5, and R9-6 instruct people 
walking and biking where to go and who has the right of way. Additionally, 
signs that instruct people walking and biking how to safely traverse an 
intersection are important in this contex. These signs are particularly 
valuable in Suburban Commercial Center areas where there may be an 
increased number of conflicts between motorized and non-motorized users. 


Wayfinding 

Guidance signs can infor Be 
destinations, along with route information such as distance, direction, 
and travel time. The MUTCD provides examples in the D1 and D1 sign 
series, but community input is crucial to providing useful information 
that is clear and consistent for both local and visiting users. 


TO Downtown jam BIKE ROUTE a 


+ 
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GAP ASSESSMENT 


The outcome of the study is to identify opportunities to improve 
walking and bicycling along the Route 28 corridor. A gap analysis 
was conducted to identify road segments that do not sufficiently 
serve the needs of bicyclists and pedestrians based on street 
type and opportunities for short-term implementation. 


Segments with No 
Multimodal Facilities 


Figure 45 displays sections of the corridor that do not contain sidewalk, 
bicycle lanes, or shoulders. In other words, the only option for bicyclists 
and pedestrians is to walk or ride in the travel lanes. These segments 
should be reviewed in the near-term to identify ways to add a facility 
on at least one side. Figure 45 displays the gaps by street type. 

Special attention should be paid to gaps in Town Mix and Suburban 
Commercial Center, where conflicts with motor vehicles are more 

likely. The full list of segments, by Town, is provided in Appendix D. 


Opportunities for Restriping 

Table 2 lists sections of the corridor that currently have a paved 
shoulder on one or both sides that can be restriped as a bike lane. 
These segments provide opportunities for near-term improvements 
that could happen as part of routine maintenance or as standalone 
low-cost projects. Where feasible, MassDOT could consider adding 
a buffer between the bike lane and travel lane and provide physical 
separation between bicyclists and motorists with flex-posts. 
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Table 2. Opportunities for Restriping 


Length 
Fro To Town Street Type Gaileni 
; Great Neck Suburban 
Job's Fishing Rd aiRotary, EEE Commercial Center Os 
Walton Avenue Simpkins Way Barnstable) ovo. Mix//Suburban 1.2 
Commercial Center 
Baxter Avenue Rosemary Lane Yarmouth Suburban 03 
Commercial Center 
East of Bass River Yarmouth/ Suburban 
Pleasant st Park Entrance Dennis Commercial Center oO 
Old Main St Shad Hole Rd Dennis iyecintidby/SieeatieD) 0.9 
Commercial Center 
East oF Chase St Harwich Town Mix 0.3 


Riverside Dr 


Other Priority Segments 

Table 3 includes a list of segments that should be further reviewed 
based on data reviewed in the existing conditions section. This includes 
segments that have a high propensity for walk or bike, segments 

with a relatively high number of bicycle and pedestrian crashes, and 
segments with a relatively high number of transit boardings. In some 
cases, a segment may meet several of these priority metrics. Table 3 
also highlights where MassDOT has upcoming projects that could be 
expanded to include bicycle and pedestrian facility improvements. 


Figure 45. Segments with No Multimodal Facilties 


0 25 5 10 Miles 
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Table 3. Priority Segments for Further Study 
Priority Consideration 


High Potential for igh Bike/ Length 


Street Type High Opportunity 


Everyday Everyday Ped Crash Transit (miles) 
Walk Bike Segment _Boardings 


W Main Missing bicycle facility; 


Minot Street cy oct Falmouth Town Mix x narrowreldewale Os 
Town Mix/ 
Spring Bars Sandwich Suburban F 
Read naga Falmouth Commnarcial x x x xX Gaps in sidewalk and bike lane 08 
Center 
Maravista 
Sandwich Avenue Falmouth — Rural Residential x Missing icyele facility; 0.3 
Road narrow sidewalk 
Extension 
old Rural 7 
Oxbow Road Barnstable — Falmouth _Residential/ x po a a 0.5 
' sidewalk gaps 
Road Town Mix 
etal st ting should 
BeldanLane LincolnRoad Barnstable Residential/ x Pape eens hotwa ot 23 
; bike lane; sidewalk gaps 
Town Mix 
Lincoln Road Pitchers Way Barnstable _ Rural Residential x xX Missing Sicyelerecllty ans. o: 
sidewalk on one side 
Rural 
Residential/ 
Walton Pave existing shoulder 
Pitchers Way A enue Barnstable Suburban x x x x id create Bike lane 09 
Commercial 
Center 
Walton Barnstable Suburban Stripe existing shoulder as 
Avenue Road Barnstable eee x x x bike lane; missing sidewalk os 
Barnstable — Mary Dunn ; Stripe existing shoulder as 
Road Way Barnstable Town Mic x bike lane: missing sidewalk 0.6. 
Suburban . 
Mary Dunn Cedar Street Barnstable Commercial x x inconsistent shoulder, 0.3 
Way oe missing sidewalk 
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Priority Consideration 


High Potential for a F 
Street Type a High Bike/ High Opportunity pea 
Everyday Everyday PedCrash —_ Transit 
Walk Bike Segment _Boardings 
Suburban eo 
Cedar Street Simpkins Barnstable Commercial x Stripe existing shoulder as 1 
Way bike lane; no sidewalk 
Center 
lyannough Suburban Stripe existing shoulder 
Road / Main eee Yarmouth Commercial xX as bike lane where 0.6 
Street oF Center applicable; sidewalk gaps 
Springer Appleby 5 Missing bicycle facility; 
Lane Road Narmeuth Town Mie x narrow sidewalk ae 
Appleby Neptune , Missing bicycle facility: 
Road. lanes Yarmouth Town Mix x x nr oWisidenslk 0.3 
Neptune Missing bicycle facility; 
ane Wood Road = Yarmouth Town Mix x x harravreidewalk 10 
Suburban ; . 
Mill Lane Plonsant Yarmouth Commercial x Missing bicycle facility; 1 
Street inconsistent sidewalk 
Center 
Suburban 
Division ; Commercial Missing bicycle facility; 
SeaStreet street Penis Center/ Town x x inconsistent sidewalk on 
Center 
Eldredge Old Country ; Missing bicycle facility; 
Parkway Road Orleane Foe nib x sidewalk gaps oF 
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CONCEUSION 
AND NEXT STEPS 


This report summarizes the existing conditions for bicyclists and pedestrians on Route 28 on Cape 
Cod and provides recommendations for improvements along the 50 mile corridor from Braeside 
Road in Falmouth to the Route 6A roundabout in Orleans. As part of this effort, the project 

team conducted a corridor-wide data collection and mapping effort with a focus on capturing 
pertinent existing conditions across a variety of discipline areas including safety, presence of 
multimodal facilities, and existing layout. The team also used previous plans throughout their 
efforts to ensure special consideration for previous analysis and designs surrounding Route 28. 


This report includes a set of recommended facility types for the various street types 
that existing along Route 28. These facilities were vetted with local representatives 
and should be considered as projects are programmed along Route 28. This 

study provides a comprehensive understanding on the current conditions while 
highlighting priority areas MassDOT may want to focus on for further study. 
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Figure 4. Number of Travel Lanes- Dennis 
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Figure 8. Shoulders and Bike Lanes- Mashpee 
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Figure 8. Shoulders and Bike Lanes- Yarmouth 
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Figure 8. Shoulders and Bike Lanes- Dennis 
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Figure 8. Shoulders and Bike Lanes- Harwich 
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Figure 8. Shoulders and Bike Lanes-Chatham 
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Figure 11. Crash per Mile- Dennis 
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Figure 11. Crash per Mile- Orleans 
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Figure 16. Walking Score- Chatham 


Cape Cod Route 28 Corridor Study 106 


Figure 16. Walking Score- Orleans 


@JONUVENT ROAD! 


BREWSTER 


MILLSTONE ROAD 


GULLS Way 


i) 
® 
“6, 


oS 


intial for Everyday Walking Seore| 
Go arenes) 


N= 


LONG POND DRIVE 


ie} 05 4 2 Miles 


107 Draft Report 


a HINOS QVON AVH aS 


ty 
i, 2 ri 


Potential for Everyday Biking Score 


eas H 
my i fee z 
aw : 7% BEE 
x ee I % Hee 
z B ty % ee 
= ES / =A 
z = ~N a 
8 i} Oy WON Liga 
= aA z 
= : oe. y 
ai Woucsoniy$ Paar, 
z = a 
£ * 
ghee @ 
fis 
be s 
Ph 
= 
Ovo, 5 
RBH 5] g 
eS 
nO? 3 
2p S 
we z 
5, Fs 
ep, B ry 
e% & 2 
OVOYSSNAOH ONLEW a0 3 
on? 
ers % 
ita e, 
sort % 


reas H een ton: 
Davee 


2 Miles 


'7. Biking Score- Falmouth 


05 


Figur 


jw erent) 


f 


sntlal for Everyelay Biking Seore| 


i 

A 

Fi 

= 
kA 
Hl 


8S pig poet 


QUINAQUISSET AVENUE 


O’O" SSNOHONUS SW 


MAIN STREET 


2 Miles 


FALMOUTH 


igure 17. Biking Score- Mashp: 


F 


Figur 


MARY DUNN ROAD. 


saps Hiv 


& 
roofs eh GRAIG LE BEACH ROAD 
si 


el 
s K 


eo 
4, 


Se 


vou HLAONSVA LESAN 


WORTH MAIN STREET 


4 
& 1h 
5 cuss 
Ge 
ganas 
ye DENNIS 
ees 
i : (lower COUNTY ROAP 
2 aw F 
Es C 
iy. io Oe eh ieee 
u 
2 
g 
e 
: Cas} oatesoueay 
al for Everyday Biking Score| 
: 7 (ow propensity), 
a E 
y: 
Ns veer 
Se 
o (ox) 4 


1M Dra 


GvONHINONEVALS IM 


z 
& 
% ROAD. 
GB guckiser® 
3 
g 


ec 
2 
6 
6 


2 Miles 


@ TBREWS = 
ey “O44 Vo bore N 
PRE Phy, _ 


NORTH MAIN STREET 


Cir Pownstosoneay 


BANK STREET 


ah 4 


o: 


mS pig operyt 


Figure 17. Biking Score- Chatham 


Cape Cod Route 28 Corridor Study 114 


% ORLEANS 2 
FINLAY ROAD, E 
a 
= 
3 
. Ee 
at a 
#1 


BREWSTER 


MILLSTONE ROAD 


Tas! ewratoeoray 
Potential fer Everyday Biking Score 
mF foe rece 


Gg 
sie s 
GULLS WAY 


PLEASANT BAY ROAD 


N= 


LONGPONDDRIVE gee “HARWICH 
o 


Cighprreey 


le} 05 4 2 Miles 


115 Draf 
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Figure 18. Road Types- Orleans 


BREWSTER 


MILLSTONE ROAD 


GULLS Way 


& 


N= 


LONGPONDDRVE get 


ie} 05 4 2 Miles 


tudy 124 


APPENDIX B GIS 
DATA DICTIONARY 


PAY 
‘= 
Pa : YS 
7 a4 N 
x) a wh “S 


A = 
AYER OS f N 


— xX 


SOS) Hh 
>< \\ aWsc~w. 
SF? RAEN 


GIS Data Dictionary 


Layer Description Source 
Perrere This represents trails which all permit bicycle travel or corridors with conversion potential; Massachusetts 
i however, bicycles are not the exclusive travel mode permitted on these trails. GIS (MassGIS) 
‘Gaskcbee Car crashes are reported to the Registry of Motor Vehicles, the MassDOT Highway Division uses Highway 
= the crash information for data-driven safety analyses and traffic engineering studies. of MassDOT 
; Massachusetts 
HYDRO2SK_POLY Hydrologic data for Massachusetts with lakes, ponds, rivers, streams, and other water features. eiaiase cies 
Massachusetts 
MAJPOND_POLY Large water bodies and rivers. ciate Cles 
Massachusetts 
MAJSTRM_ARC Large water bodies and rivers. eiatenGis) 
Lines that represent boundaries of the polygons. These arcs are coded as being Massachusetts 
OPENSPACE_ARC coincident with other map features (town boundary, stream, etc.). GIS (MassGIS) 
SPENSéace WOU Polygons of recreational and conservation lands including conservation land, recreation land, town Massachusetts 
2 forests, parkways, agricultural land, aquifer protection land, cemeteries, and forest land. GIS (MassGIS) 
Shapefile containing a year-end snapshot of the spatial line work for all the public and a good portion of the private Ravens 
Roadinv2017.gdb roadways in Massachusetts. This includes the roadway attributes covering the roadway classification, ownership, cia (Hase cies 
physical conditions, traffic volumes, pavement conditions, highway performance monitoring information, and more. 
TOWNS_POLYM Single-part polygons, with separate features for offshore islands. piaseechusett 
a ap ee uP et Ps GIS (MassGIS) 
The Massachusetts Department of Conservation and Recreation (DCR) - Division of State Parks and eee 
Trails Recreation (DSPR) Roads and Trails data layer contains all legal roads and trails (lines and point features) eiaiaseciey 
identified by DCR staff and consultants on DCR DSPR properties (as well as some of the Urban Parks). 
aHhie ARG The Tracks and Trails data layer represents unimproved roadways and trails Massachusetts 
a that previously had been part of the MassGIS roads data. GIS (MassGIS) 
The Potential for Everyday Walking and Biking estimates demand for nonmotorized transportation for going 
to work, visiting family and friends, shopping, dining, or any other utility trip for non-recreational purposes. 
775d3a06ce334c Highway Division 


fc801e20f391f33d50.gdb 


MassDOT created a weighted formula to result in a single score: Potential for Everyday Walking and 


Biking = (0.7 * Potential Demand + 0.2 * Transit Access + 0.1 * Crashes) * (1+ Social Equity). The 
results give a score from 1-9, with one (1) being low potential and nine (9) having the highest potential. 
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